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Validation of Terra/SSFValidation of Terra/SSF
Surface-only FluxesSurface-only Fluxes

• Down-welling clear-sky and all-sky SW and LW surface fluxes derived
  from relationships with TOA fluxes and atmospheric data.  
• Each component currently
  computed from two models

• Validation criteria:
  ±20 Wm-2 for instantaneous CERES FOV

LPSA/LPLA:
Langley Parameterized
SW/LW Algorithm

• Validation data sources:  SURFRAD, ARM/SGP, BSRN, & CMDL

• FM1 and FM2 results almost identical; only FM1 results shown

  Model  A Model B 

Clear  Li et al.  LPSA  
SW 

All-sky          - LPSA  

Clear  Inamdar  and 
Ramanathan 

LPLA  
LW 

All-sky - LPLA  
 

 



Algorithms/ReferencesAlgorithms/References
• SW Model A:

Li et al. (1993):  J. Climate, 6, 1764-1772.

• SW Model B (LPSA/Staylor Algorithm):
Darnell et al. (1988):  J. Climate, 1, 820-835.
Darnell et al. (1992):  J. Geophys. Res., 97, 15741-15760.
Gupta et al. (2001):  NASA/TP-2001-211272, 31 pp.

• LW Model A:
Inamdar and Ramanathan (1997):  Tellus, 49B, 216-230.

• LW Model B (LPLA):
Gupta (1989):  J. Climate, 2, 305-320.
Gupta et al. (1992):  J. Appl. Meteor., 31, 1361-1367.

• SW & LW Model B Validation
      Gupta et al. (2004):  Accepted to J. Atmos. Ocean Tech.





Available Data PeriodsAvailable Data Periods

Terra Edition-2A SSF - 25 Months (March 2000 -
March 2002)

All ARM, CMDL, and SURFRAD Data Cover the
Entire Period

Some BSRN and Other Sites Cover Shorter Periods:

•Tateno, Alice Springs, Georg von Neumeyer, Ny Alesund, Syowa
Cover 13 Months (March 2000 - March 2001)

•Saudi Solar Village (NREL) - Data Missing for Dec. 2001

•Chesapeake Lighthouse  (LaRC) - Data Available  Sept. 2000
through March 2002



Surface Site SummarySurface Site Summary
Quality Control, Timeliness, & DocumentationQuality Control, Timeliness, & Documentation

SURFRAD: Extensive QC done prior to release, ReleasedSURFRAD: Extensive QC done prior to release, Released
daily, Well-documented.daily, Well-documented.

ARM: QC relies upon user comments, Staged weekly,ARM: QC relies upon user comments, Staged weekly,
Well-documented.Well-documented.

CMDL: Extensive QC done prior to release, QuicklyCMDL: Extensive QC done prior to release, Quickly
made available after review, Well-documented.made available after review, Well-documented.

BSRN: Files contain QC flags, Released 1 month toBSRN: Files contain QC flags, Released 1 month to
several years later, Uneven documentation (someseveral years later, Uneven documentation (some
surface sites donsurface sites don’’t have web sites).t have web sites).



Direct + Diffuse versus Direct + Diffuse versus UnshadedUnshaded
PyranometerPyranometer Measurements Measurements

      Direct +Direct +  Diffuse [Normal incidence Diffuse [Normal incidence pyrheliometerpyrheliometer (NIP) (NIP)
+ Shaded + Shaded pyranometerpyranometer] measurements are used when] measurements are used when
they are available and when quality control shows  thatthey are available and when quality control shows  that
the data are free from known problems (e.g., trackerthe data are free from known problems (e.g., tracker
errors).errors).

      UnshadedUnshaded  pyranometerpyranometer measurements are used when measurements are used when
direct + diffuse measurements either are unavailable ordirect + diffuse measurements either are unavailable or
have known problems.have known problems.

      PyranometersPyranometers have a nominal accuracy of  have a nominal accuracy of ±±15 Wm15 Wm-2-2,,
with uncertainty in the cosine response at large zenithwith uncertainty in the cosine response at large zenith
angles (Long and Ackerman, JGR, 2000).angles (Long and Ackerman, JGR, 2000).



Shortwave Clear-Sky, ContinentalShortwave Clear-Sky, Continental



Shortwave Clear-Sky, CoastalShortwave Clear-Sky, Coastal



Shortwave Clear-Sky, IslandShortwave Clear-Sky, Island



Shortwave Clear-Sky, ArcticShortwave Clear-Sky, Arctic



Shortwave Clear-Sky, DesertShortwave Clear-Sky, Desert



SW Clear-Sky ComparisonsSW Clear-Sky Comparisons

 
SW Model A - Terra Edition 2A

SW Model B - Terra Edition 2A

Sites # Points  
Mean Bias  
Wm-2 (%) 

 Random Error  
Wm-2 (%) 

Continental  4409 -3.31 (-0.45) 22.8 (3.1) 

Coastal  110 7.74 (1.15) 37.9 (5.6) 

Island 16 4.65 (0.49)  14.0 (1.5)  

(Ant)arctic  204 -58.3 (-14.1) 17.0 (4.1) 

Desert  865 -36.4 (-4.3) 42.1 (5.0) 
 

Sites # Points  Mean Bias               
Wm-2 (%) 

Random Error .         
Wm-2 (%) 

Continental  4409 -21.3 (-2.9) 20.7 (2.8) 

Coastal  110 -11.64 (-1.73) 31.9 (4.7) 

Island  16 -9.59 (-1.01) 13.6 (1.4)  

(Ant)arctic  204 1.84 (0.44) 11.1 (2.7) 

Desert  865 -9.53 (-1.12) 37.5 (4.4) 
 



Shortwave All-Sky, ContinentalShortwave All-Sky, Continental



Shortwave All-Sky, CoastalShortwave All-Sky, Coastal



Shortwave All-Sky, IslandShortwave All-Sky, Island



Shortwave All-Sky, ArcticShortwave All-Sky, Arctic



Shortwave All-Sky, DesertShortwave All-Sky, Desert



SW All-Sky ComparisonsSW All-Sky Comparisons

 
SW Model B - Terra Edition 2A (1 min)

SW Model B - Terra Edition 2A (1 hr)

Sites # Points  
Mean Bias  
Wm-2 (%) 

 Random Error  
Wm-2 (%) 

Continental  16588 3.95 (0.68) 102.3 (17.7) 

Coastal  1150 20.3 (4.0) 91.0 (17.8) 

Island  1953 51.5 (7.7) 141.3 (21.3)  

(Ant)arctic  6352 -32.1 (-12.1) 86.6 (32.6) 

Desert  1764 -1.54 (-0.20) 88.6 (11.6) 
 

Sites # Points  Mean Bias               
Wm-2 (%) 

Random Error .         
Wm-2 (%) 

Continental  16588 6.58 (1.14) 70.4 (12.2) 

Coastal  1150 22.5 (4.4) 58.8 (11.5) 

Island  1953 58.2 (8.9) 96.9 (14.7)  

(Ant)arctic  6352 -32.5 (-12.2) 83.3 (31.3) 

Desert  1764 2.10 (0.28) 66.9 (8.8) 
 



SW SGP All-Sky ComparisonsSW SGP All-Sky Comparisons



SW SGP All-Sky ComparisonsSW SGP All-Sky Comparisons



SW SGP All-Sky ComparisonsSW SGP All-Sky Comparisons
 SW Model A - Terra Edition 2A

SW Model B - Terra Edition 2A

Sites  # Points  
Mean Bias  
Wm-2 (%) 

 Random Error  
Wm-2 (%) 

Clear -Sky 195 -1.01 (-0.14) 20.0 (2.70) 

   Partly-Cloudy 0 NA NA 

Overcast  0 NA NA 

All-Sky 0 NA NA 
 

Sites  # Points  Mean Bias               
Wm-2 (%) 

Random Error .         
Wm-2 (%) 

Clear-Sky 195 -21.17 (-2.86) 17.4 (2.35) 

Partly -Cloudy 366 -9.05 (-1.41) 114.3 (17.8) 

Overcast  133 33.54 (13.3) 77.8 (30.8) 

All-Sky 694 -4.67 (-0.78) 93.8 (15.7) 
 



Friendly Skies?Friendly Skies?

      Dave was beginningDave was beginning
to truly appreciateto truly appreciate
that cloud fieldsthat cloud fields
could be a source ofcould be a source of
considerable trouble.considerable trouble.



Conclusions: ShortwaveConclusions: Shortwave

For clear-sky cases,For clear-sky cases,  CERES derived SW surface fluxes areCERES derived SW surface fluxes are
within desired accuracies (biases) in all cases for model B, butwithin desired accuracies (biases) in all cases for model B, but
only for continental, coastal, and island cases for model A, notonly for continental, coastal, and island cases for model A, not
for the (for the (ant)arcticant)arctic and desert cases.  The source of problem and desert cases.  The source of problem
appears to be the current aerosol maps, which will be replacedappears to be the current aerosol maps, which will be replaced
with a MODIS-derived with a MODIS-derived climatologicalclimatological aerosol map. aerosol map.

All-sky cases are within desired accuracy limits for only theAll-sky cases are within desired accuracy limits for only the
continental and desert cases for model B, not for the coastal,continental and desert cases for model B, not for the coastal,
island, and (island, and (ant)arcticant)arctic cases.  Some improvement in cloud cases.  Some improvement in cloud
detection may be warranted.detection may be warranted.

Precision  still requires substantial improvement, especially forPrecision  still requires substantial improvement, especially for
cases involving clouds.cases involving clouds.



LW LW PyrgeometersPyrgeometers Measurements Measurements

PyrgeometerPyrgeometer measurements have a nominal measurements have a nominal
accuracy of about accuracy of about ±±10 Wm10 Wm-2-2, although modified, although modified
PIR PIR pyrgeometerspyrgeometers have been shown to achieve have been shown to achieve
accuracies as high as accuracies as high as ±±2 Wm2 Wm-2-2 ( (PhiliponaPhilipona,,
FrFrööhlichhlich, and Betz, Applied Optics, 1995)., and Betz, Applied Optics, 1995).

The SOFA effort has not encountered anyThe SOFA effort has not encountered any
outstanding problems with the outstanding problems with the pyrgeometerpyrgeometer
measurements.measurements.



LongwaveLongwave Clear-Sky, Continental Clear-Sky, Continental



LongwaveLongwave Clear-Sky, Coastal Clear-Sky, Coastal



LongwaveLongwave Clear-Sky, Island Clear-Sky, Island



LongwaveLongwave Clear-Sky, Arctic Clear-Sky, Arctic



LongwaveLongwave Clear-Sky, Desert Clear-Sky, Desert



LW Clear-Sky ComparisonsLW Clear-Sky Comparisons

 
LW Model A - Terra Edition 2A

LW Model B - Terra Edition 2A

Sites # Points  
Mean Bias  
Wm-2 (%) 

 Random Error  
Wm-2 (%) 

Continental  8960 -3.90 (-1.32) 13.7 (4.6) 

Coastal  383 4.36 (1.58) 12.4 (4.5) 

Island  58 -9.53 (-2.43) 19.3 (4.9) 

(Ant)arctic  361 -10.30 (-7.57) 11.5 (8.4) 

Desert  1668 3.66 (1.14) 19.8 (6.2) 
 

Sites # Points  Mean Bias               
Wm-2 (%) 

Random Error .         
Wm-2 (%) 

Continental  8960 -7.16 (-2.42) 13.6 (4.6) 

Coastal  383 -2.42 (-0.88) 12.8 (4.7) 

Island  58 -7.86 (-2.00) 20.4 (5.2)  

(Ant)arctic  361 -6.85 (-5.03) 10.9 (8.0) 

Desert  1668 -0.99 (-0.31) 18.6 (5.8) 
 



LongwaveLongwave All-Sky, Continental All-Sky, Continental



LongwaveLongwave All-Sky, Coastal All-Sky, Coastal



LongwaveLongwave All-Sky, Island All-Sky, Island



LongwaveLongwave All-Sky, Arctic All-Sky, Arctic



LongwaveLongwave All-Sky, Desert All-Sky, Desert



LW All-Sky ComparisonsLW All-Sky Comparisons
 

LW Model B - Terra Edition 2A 

Sites # Points  
Mean Bias  
Wm-2 (%) 

 Random Error  
Wm-2 (%) 

Continental  34831 -3.04 (-0.95) 19.5 (6.1) 

Coastal  2701 3.50 (1.06) 19.9 (6.0) 

Island  4196 1.19 (0.29)  14.3 (3.5) 

(Ant)arctic  14082 -4.24 (-2.02) 25.9 (12.3) 

Desert  4028 1.49 (0.46) 19.5 (6.0) 
 

 



Conclusions: Conclusions: LongwaveLongwave

CERES derived LW surface fluxes are withinCERES derived LW surface fluxes are within
desired accuracies (biases) for both clear-skydesired accuracies (biases) for both clear-sky
(models A & B) & all-sky (model B) cases.(models A & B) & all-sky (model B) cases.

Precision is also within desired limits, with thePrecision is also within desired limits, with the
exception of all-sky (exception of all-sky (ant)arcticant)arctic cases where cases where
some improvement in cloud detection may besome improvement in cloud detection may be
warranted.warranted.


